Background Marital status influences health and this association might differ by time and/or country. Divorce rates have increased abruptly in Korea. We investigated relationships between marital status and health behaviors and illness among middle-aged Koreans.
Introduction
Marital status is an important social factor associated with human health and longevity. In many studies, married adults show better health outcomes than their non-married counterparts, [1] [2] [3] and mental health is worse in unmarried versus married adults. 4 Married individuals may show better health outcomes for several reasons. First, because of marital selection, healthier people may be more likely to get married and to stay married longer, whereas less healthy people may be more likely to become unmarried, separated or divorced. Second, the marriage protection effect refers to the fact that married people have more advantages in economic resources, social and psychological support, and health behaviors. Third, marital termination is a stressful event that affects health status. 5, 6 Marital termination is a potential stressor that changes immunological, hormonal and neural control systems in divorced and widowed individuals. 7 These changes make those people more susceptible to poor health. 8 Many studies have shown higher mortality in divorced and widowed versus married people. [1] [2] [3] However, a previous study reported that mortality patterns based on marital status differed between countries. 9 Additionally, another study demonstrated that increased mortality for unmarried men was no longer significant after adjusting for other confounding factors, suggesting that unmarried status itself might not increase risk. 10 The effects of marital status on health might differ according to time and/or geographical region as society changes.
Over the past few decades, rates of divorce and single-person households have increased worldwide. The Organization for Economic Cooperation and Development (OECD) average crude divorce rate (CDR; divorces per 1000 people) increased from 1.1 in 1970 to 1.9 in 2012, 11 and, in Korea, almost doubled from 1.1 in 1990 to 2.3 in 2012. In addition, the number of bereaved people would be increased from 1.1 million in 1990 to 2.4 million in 2030. 12 As modern society enters the era of chronic degenerative disease, family members play an important role in disease prevention and health promotion. 13 In terms of assessing the relationship between marital status and health, not only longevity but also well-being is important outcome variables. Although rates of divorced, separated and widowed people are rapidly increasing in Korea, health status has not been evaluated according to marital status. The aims of this study are to investigate the relationships between marital status and health behaviors and illness among middle-aged Koreans, and to test whether gender differences exist in those relationships.
Material and methods

Participants
Data from the fifth Korea National Health and Nutrition Examination Survey (KNHANES-V, 2010-12), a nationally representative population-based survey conducted by the Korean Centers for Disease Control and Prevention (KCDC), were used. The fifth KNHANES was conducted for 3 years (2010-12) and applied stratified, multistage probability sampling based on geographical region, sex and age, which were determined by primary sampling units. In this study, we included 9213 participants aged 40-65 years. We excluded 204 subjects who were not married, 28 subjects who did not indicate their marital status, and 1468 subjects with missing data. Thus, data from 3015 to 4498 middleaged men and women, respectively, who had been married at some point were included in the analyses.
Demographic variables in the study population
Demographic characteristics including age, sex, marital status, education, occupation and income level were collected in face-to-face interviews. For marital status, all subjects were asked, 'Have you been married?' If the participant said 'yes,' the next question given was, 'What is your marital status?' Those who answered that they were currently married were included in the Living with spouse group, and those who answered that they were separated, divorced or widowed were included in the Living without spouse group. Education level was classified as less than high school (≤12 years) or more than college (>12 years). Occupation was classified as non-manual, manual or unemployed. Household incomes were calculated by dividing household income by the number of household members, and then categorized into high, middle and low tertiles.
Health behavior variables in the study population
Health behaviors collected via self-administered questionnaires included the following: physical activity, smoking status, alcohol consumption, sleep duration and participation in periodic health examinations. Physical activity was assessed using the International Physical Activity Questionnaire (IPAQ). Physical inactivity was defined as not doing vigorous activity for at least 20 min per day for at least 3 days, not doing moderate-intensity activity for 5 or more days, and not walking for at least 30 min per day. Participants whose physical activity was <600 METs-min per week were also defined as physically inactive. Participants who currently smoked more than five packs of cigarettes up to date of the questionnaire were classified as smokers.
14 Men and women were defined as binge drinkers if they reported drinking more than seven or five glasses of Korean hard liquor (soju) or five or three cans of beer, respectively, more than once a month. 15 Sleep duration was assessed using a self-report question, and inadequate sleep duration was defined as <7 sleeping hours. 16 The nutrition survey was conducted during a face-to-face interview using a 24-h recall method. Participants were asked to maintain their usual diet, interviewers instructed participants to recall every food and beverage consumed during the previous a 24-h period, and energy distribution was calculated. Finally, we asked about participation in regular health examinations and cancer screenings that the Korean Government periodically provides. Participants were asked whether or not they had participated in health or cancer screenings during the last 2 years.
Assessment of physical and mental illness in the study population According to standardized protocols, all health examination procedures were performed by trained medical personnel and all equipment was periodically calibrated. Height, weight, body mass index (BMI) and waist circumference (WC) were measured. Trained interviewers visited each participant's dwelling. Height and weight were obtained using standardized techniques and equipment. Height was measured to the nearest 0.1 cm using a portable anthropometer (SECA 224, Germany). Weight was measured to the nearest 0.1 kg on a balance scale (GL-6000-20, Korea) while the participant wore a lightweight gown. BMI was calculated by dividing weight by height squared (kg/m 2 ). WC was measured on standing participants with a soft tape midway between the lowest rib and the iliac crest.
Systolic blood pressure and diastolic blood pressure were measured by standard methods using a sphygmomanometer while participants were sitting. Three measurements were made at 5-min intervals, and the average of the second and third measurements was used in the analysis. Blood samples were collected in the morning after fasting for at least 8 h. Fasting glucose, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) levels, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured in a central and certified laboratory (Hitachi Automatic Analyzer 7600, Japan). HbA1c (HLC-737G7, Japan) and Hgb (XE-2100D hematology analyzer, Japan) levels were measured according to acceptable precision and accuracy standards.
Hypertension was identified in participants who took antihypertensive medication or who had systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. 17 Diabetes mellitus was identified in subjects who were diagnosed by a physician, took anti-diabetics drugs, used insulin, or had fasting glucose ≥126 mg/dl. 18 Hypercholesterolemia was identified in participants who took medication to lower cholesterol or who had TC levels ≥240 mg/dl, and hypertriglyceridemia was identified in participants with serum TG ≥200 mg/dl. 19 Anemia was defined as Hgb <12 and 13 g/dl in women and men, respectively. Elevated AST or ALT was defined as AST or ALT level >40 IU/l, respectively. 20 To assess mental illness, depressive mood and suicidal ideation were investigated using self-reported questionnaires. Depressive mood was identified if participants answered, 'yes' to the questions, 'Have you felt sadness or despair that hindered everyday life consistently for 2 weeks or more during the last year?' Suicidal ideation was identified if participants answered, 'yes' to the question; 'Have you wanted to die during the last year?'
Statistical analysis
Statistical analysis were conducted using SPSS ver. 21.0 for Windows and two-tailed P-values < 0.05 were considered statistically significant. All analyses were evaluated after accounting for sample weights and complex sample design. Population weights provided by KNHANES were applied to produce estimates representative of the Korean population. Baseline participant characteristics for each gender are shown as means or percentages with standard error (SE). Linear regression for continuous variables and chi-square tests for categorical variables were used to examine differences between the two groups. The relationships between marital status and health behaviors, physical illness and mental illness were assessed with multivariate logistic regression analyses. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated after adjusting for potential confounds, including age, income level and geographical region.
Results
Demographic participant characteristics
A total of 7502 adults (3015 men and 4498 women) were included in this study, and their demographic characteristics are presented in Table 1 . Of the total sample, 5.4% of men and 13.0% of women were categorized as Living without spouse. About 63.0% of men and 51.0% of women had more than a college education. About 27.5% of men and 10.7% of women had non-manual occupations.
Nutritional status and cardio-metabolic risk factors according to marital status in men and women Table 2 shows mean values for dietary intake and cardiometabolic parameters according to marital status in both genders. Total energy intake was significantly lower in the men and women living without versus with their spouses. Serum TG was significantly higher in men living without versus with their spouses. Systolic blood pressure, fasting glucose and HbA1C were significantly higher in women living without versus with their spouses. Prevalence of poor health behaviors, physical illness and mental illness according to marital status in men and women
As shown in Table 3 , there were significantly higher rates of smoking and binge drinking in both men and women, and worse sleep duration in women, living without versus with their spouses. Men living without their spouses showed higher rates of non-participation in regular health examinations and cancer screenings. In addition, men living without their spouses had higher rates of anemia, hypertriglyceridemia, AST ≥ 40 IU/l, depressive mood, and suicidal ideation. Women living without their spouses showed higher rates of hypertension, diabetes, hypercholesterolemia, hypertriglyceridemia, depressive mood and suicidal ideation.
ORs and 95% CI for poor health behaviors, physical illness and mental illness according to marital status in men and women
According to the multivariate analysis shown in Table 4 
Discussion
This study demonstrated that middle-aged men and women living without their spouses had higher risks for poor health behaviors and illness including smoking, binge drinking, inadequate sleep duration, hypertriglyceridemia and depressive mood compared to those living with their spouses. P-values < 0.05 were considered statistically significant. Non-participation in periodic health examinations 1. ORs and 95% CI adjusted for age, income level and geographical region.
P-values < 0.05 were considered statistically significant.
Moreover, the risks for non-participation in periodic health examination and cancer screening programs, anemia, and suicidal ideation were significantly higher in men living without versus with their spouses. Previous studies showed that health behaviors such as smoking, alcohol consumption and diet differed based on marital status in adults. Divorce and bereavement lead to an increase in alcohol consumption in middle-aged men, 6 and smoking relapse in middle-aged women. 21 According to the 1999-02 National Health Interview Surveys in the USA, rates of smoking and heavy drinking were approximately twice as high for middle-aged men who were divorced or separated versus married. 22 Single men have a low-quality diet compared to married men. 4 However, one study reported that smoking and high-risk alcohol consumption did not differ between men living with versus without a partner, and men living without a partner engaged in more regular exercise. 23 In that study, including men who were never married in the Living without partner group eliminated or reversed relationships between marital status and health behaviors. Our analyses only included married adults to remove such a bias, and we found that ORs for smoking and binge drinking were higher, and total energy intake was lower, in separated, divorced, and widowed versus married men and women, consistent with most previous studies. Furthermore, we investigated inadequate sleep duration as a poor health behavior and demonstrated that the risk for sleeping <7 h a night was significantly higher in separated, divorced and widowed versus married men and women. Sleep disturbance is recognized as a health risk factor that is associated with mental disorders, like depression or anxiety, and cardio-metabolic diseases, such as obesity 24 or type two diabetes 25 due to impaired insulin sensitivity. The Korean government provides healthcare services for Korean adults to prevent disease and promote health, including regular health examinations and cancer screenings. This study showed gender differences in health risk appraisal or health-seeking behaviors. Non-participation in regular health examinations and cancer screenings were about twice as high for men living without versus with their spouses, although there was no difference based on marital status in women. Generally, married people have advantages because they have someone to remind them to undergo screening exams, drive them to doctor appointments, or help with physical care. 26 However, our results indicate that middleaged Korean men might be more susceptible than women to risks associated with not managing their health. Korean women tend to be more concerned about their health status and use the healthcare system regardless of whether they experienced marital dissolution or bereavement. This gender difference in participation in healthcare services according to marital status may be due to differences between men and women in the distributions of subgroups living without their spouses. The proportion of participants who were separated or divorced persons was similar between genders (~1.0 and 5.0%, respectively), but the percentage of widowed participants was much higher in women (7.1%) than in men (0.8%).
In terms of physical and mental illness, the risk for anemia in men living without their spouses was approximately three times greater compared to those living with their spouses. Widowhood has been associated with poorer energy intake and nutritional status, and widows are more likely to report poorer appetite, skipping meals and lower fruit, vegetable and red meat intake. 27 In this study, mean total energy intake was significantly lower in separated, divorced and widowed versus married men and women. However, men living without their spouses might have a higher risk for poor nutrition and inadequate dietary intake because they tend to skip meals frequently due to the absence of wives to prepare meals for them. ORs for hypertriglyceridemia in both genders, and diabetes mellitus in women were significantly higher in those living without spouses. Poor health behaviors like smoking, binge drinking and sleep problems could increase the risk of such cardiometabolic diseases. 28 Our results showed that ORs for depressive mood were higher in both men and women living without versus with spouses. Marital break-up lowers self-esteem and feelings of failure in men, deficiencies in caring relationships and interpersonal loss in women, and leads to depression. 29, 30 The risk for suicidal ideation was~2.5 times greater in separated, divorced, and widowed versus married men, although there was no difference based on marital status in women. Suicide has become a serious social and public health issue in Korea. 31 In 2014, South Korea ranked first among other OECD countries with a suicide rate of 28.7 per 100 000 compared to the average rate of 12.0 per 100 000, 32 and there is a rapid increase in suicide among the young and middle-aged. 31 In particular, the suicide rate for men in their 40-70 years old is 2.5-3.5 times higher than that in women. 31 Socially isolated people are at a higher risk for death from suicide compared with well-integrated men. 33 A few limitations should be considered when interpreting our results. First, we could not analyze the characteristics of each Living without spouse subgroup (separated, divorced and widowed) separately because there were not enough participants in each subgroup. Besides, we could not exclude the possibility that people who were remarried were included in the Living with spouse group. However, we only included data from people who got married, therefore, our results can exclude a marriage selection bias in which less healthy people are less likely to get married. Second, recall bias might have influenced the quality of information provided by participants. There may be intra-individual daily variation in the surveys for assessing lifestyle factors, including the single 24-h recall. Although daily variation in lifestyle factors might be under-or over-estimated, single recall is useful for estimating population means. Third, the KNHANES is a cross-sectional survey, and thus causality in the relationships between marital status and health outcomes cannot be determined.
Our study suggests that health behaviors and illness were significantly worse in middle-aged Koreans who were not living with their spouses. In particular, men seemed to be more susceptible to risks for poor health screening, nutritional deficiencies and mental illness. Public education and preventive services are needed for these individuals to promote health risk appraisal and improve their health status.
